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Abstract 
Eleven amines that are suitable for CO2 capture by an amine scrubbing system have been evaluated for their stability in 
the presence of oxygen.  Six amines produced measureable quantities of ammonia in the order: 1,2-diamino-propane 
(DAP) > monoethanolamine (MEA) > ethylene diamine (EDA) > 3-methylamino-1-propylamine (MAPA) > potassium 
glycinate (GLY) > potassium taurinate (TAU).  Five other amines produced no detectable ammonia (<0.2mmol/kg/hr): 
piperazine (PZ), 1-methyl-piperazine (1-MPZ), diglycolamine (DGA
®
), 2-amino-2-methyl-propanol (AMP), and 1-
methyl-diethanolamine (MDEA). The effect of temperature on ammonia production from aqueous MEA in the presence 
of Inh. A was also measured.  The activation energy of ammonia production varied from 86 kJ/mol with no inhibitor to 
133 kJ/mol with 200 mM Inh. A. At 55°C, ammonia production was reduced by 74-99% with 50-200 mM Inh. A. 
 
© 2010 Elsevier Ltd. All rights reserved 
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1.0 Introduction 
Aqueous monoethanolamine (MEA) is the baseline solvent for carbon dioxide capture from flue gas by absorption-
stripping.  MEA is an attractive solvent, because it is relatively cheap, has a fast reaction rate with CO2, and has a high 
heat of absorption.  Unfortunately, MEA solutions are corrosive to metal surfaces, prone to oxidation by oxygen in the 
flue gas, and polymerize with CO2 at temperatures above 120°C [1, 2]. Degradation can contribute up to 10% of the 
total cost of a CO2 capture process [3].  
The overall degradation rate is a combination of thermal degradation and oxidative degradation. The lean amine 
enters the absorber at approximately 40°C. However the heat of absorption of CO2 causes a temperature bulge in the 
middle or top of the absorber, which may reach 70°C [4].  At these conditions, dissolved oxygen will react with MEA to 
produce ammonia and other products.  Dissolved oxygen that does not react in the absorber will react in the cross 
exchanger or the stripper, where the temperature is 100-120°C.  When the MEA enters the cross exchanger, stripper, 
and reboiler, it will also begin to react irreversibly with CO2 to form substituted ureas and diamines at the high 
temperature [1, 2].  Degradation products, which can act as chelating agents, are more corrosive than the neat MEA 
solution, which can cause iron concentrations as high as 160 ppm (2.9 mM) [5].  These metals are catalytically active 
and promote oxidative degradation when they come in contact with oxygen. Metals such as Cu and V, which can be 
added as corrosion inhibitors, have also been shown to catalyze oxidation of MEA [6, 7, 8].  Thus, the degradation rate 
by oxidation alone in a commercial process can be confounded by other factors. 
Oxidative degradation can be decoupled from thermal degradation by conducting experiments at low temperatures 
(40-70°C) where no thermal degradation is observed.  Known amounts of metal salts are added to simulate the 
conditions of an industrial absorber, where some corrosion is inevitable.  Under these conditions, oxidation of MEA 
probably proceeds by a free radical mechanism (Figure 2).  The process may be initiated by the oxidation of ferrous to 
ferric forming a free radical [9].  Free radicals in solution can abstract a hydrogen atom from the alpha carbon of MEA.  
The MEA radical then reacts with molecular oxygen to produce an MEA-peroxide radical.  The MEA-peroxide radical 
can go on to react with another molecule of MEA to produce the MEA peroxide, which can react again to produce two 
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free radicals [10, 11, 12]. Termination occurs by the reaction of two free radicals to form molecular products. 
Decomposition of the MEA peroxide can produce formaldehyde, ammonia, and hydroxyacetaldehyde. 
Fe
2+
 + O2  Fe
3+
 + HO• Initiation 
MEA + R•  MEA• Propagation 
MEA• + O2  MEAOO• 
MEAOO• + MEA  MEAOOH + MEA• 
MEAOOH MEAO• + •OH 
MEAOOH + MEA  MEA• + MEAO• + H2O 
MEAOO•  2 CHO + NH3 Ammonia Production 
MEAOO•  HOCH2CHO + NH3 
Ammonia is expected to be a primary oxidation product of MEA [6,7,8,13,14,15,16,17], thus it can be used as a marker 
for MEA oxidation.   
 
2.0 Previous Studies on MEA Oxidative Degradation 
 
2.1 Studies on Ammonia Production from MEA Solutions 
Kindrick et al. [16] studied the relative resistance to oxidation of commercially available amines for use in a 
submarine atmosphere purification system. 2.5 N amine solutions were contacted with 1000 L of 50% O2 with 50% 
CO2 at a rate of 100 mL/min and a temperature of 80°C.  Ammonia leaving the reactor was condensed and quantified. 
Solutions were also analyzed before and after for total alkalinity, total primary amine, and total nitrogen (Table 1).  
AMP (2-amino-2-methyl-propanol) and MDEA (n-methyl-n,n-diethanolamine) showed significant resistance to 
oxidation.  MEA and its derivatives oxidized in the order of MMEA (n-methyl-n-ethanolamine) > DEA (n,n-
diethanolamine) > MEA > DGA (2-(2-aminoethoxy)-2-ethanol) > TEA(n,n,n-triethanolamine). 
Table 1. Summary of selected amines screened in [16] for oxidative stability 
Amine Alkalinity 
Loss (%) 
Primary Amine 
Loss (%) 
Total 
Nitrogen 
Loss (%) 
NH3 Rate 
(mM/hr) 
MEA 46 44 11 0.4 
DGA 33 24 10 0.7 
AMP 4 13 4 1.0 
MDEA 2 -- 1 0.1 
DEA 61 -- 16 1.0 
TEA 6 -- 0 0.2 
MMEA 80 -- 11 1.1 
 
Hofmeyer [17] studied oxidative degradation of 20% wt MEA at 75°C in the presence of 1atm O2.  In these 
experiments, the solution alkalinity decreased at a rate of 37 mM/hr.   NH3 accounted for 40% (15mmol/L/hr) of the lost 
alkalinity. 
Blachly and Ravner [8] studied the production of NH3 from MEA solutions in the presence of various dissolved 
metals (iron, nickel, chromium, and copper) as well as a number of inhibitors.  Of those tested, only EDTA 
(ethylenediamine tetra-acetic acid) and bicine reduced NH3 production from MEA solutions at 55°C in the presence of 
metals. At 98°C, only the combination of both inhibitors reduced NH3 production, while at 138-148°C, no inhibiting 
effect was observed. 
A series of studies at the University of Texas [6, 7, 15] examined the rates of ammonia production from 7 m MEA 
solutions in the presence of various metals.  These experiments were performed at 55°C with 0-2% CO2 in air, and 
using a gas rate of 5-9 LPM with 350 ml of solution.  Ammonia evolution rates and volatile MEA losses in the gas 
phase were continuously monitored by a hot gas FTIR analyzer. 
Chi [15] confirmed the findings of Blachly and Ravner, demonstrating that the NH3 rate from MEA solutions 
increased with additions of iron (Fe
2+
 or Fe
3+
), and that EDTA and bicine are both effective inhibitors.  NH3 rates were 
6-8 times faster in the presence of CO2 at 0.4 loading, and two times faster in 12 m MEA than 2.5 m MEA.  
Goff [6] expanded on this work by studying the effect of several catalysts and inhibitors on the ammonia rate, as 
well as varying the oxygen and MEA concentration.  Copper was found to be a potent catalyst for ammonia production 
at concentrations as low as 0.1 mM.  The NH3 rate increased with higher MEA concentration, and showed a linear 
dependence on oxygen concentration.  Of the inhibitors tested, Inh. A was the most effective.  Addition of 100 mM Inh. 
A reduced the NH3 rate by a factor of 10 in the presence of Cu and by a factor of 1.5 in the presence of Fe [18].    
Sexton [7] sought to identify additional nitrogen-containing degradation products and close the MEA material 
balance.  He oxidized MEA in the presence of Fe and Cu and analyzed both the gas and liquid phase.  NH3 was the only 
significant gas phase degradation product detected. NO, NO2, N2O, and methylamine were not detected in significant 
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quantities.  In the liquid phase, HEF [1-(2-hydroxyethyl)-formamide] and HEI [1-(2-hydroxyethyl)-imidazole] were 
determined to be significant nitrogen-containing oxidation products.  MEA loss in the liquid phase was found by the 
difference between the amount detected in the initial and final samples using cation chromatography.  The MEA loss 
was found by subtracting vapor phase losses (detected using the FTIR analyzer) from the liquid phase losses.  In the 
presence of iron only, NH3 accounted for at least 90% of the lost MEA. Rates for NH3 and amine loss from previous 
work are summarized in Table 2. 
Table 2. Previous Oxidative Degradation Experiments on MEA 
Author Catalyst (mM) Rate (mmol/kg/hr) Conditions 
Chi 0.1 Fe
2+
 added 1.0 (NH3) 55°C, 21kPa O2 Chi 1.0 Fe
2+
 added 1.5, 1.6, 1.6 (NH3) 
Goff 1.0 Fe
2+
 added 1.7 (NH3) 55°C, 21kPa O2, 
2kPa CO2 Goff 0.1 Fe
2+
 added 1.4, 2.0, 2.0 (NH3) 
Sexton 1.0 Fe
2+
 added 1.7, 1.7 (NH3)  
1.9, 2.0 (MEA) 
55°C, 15kPa O2, 
2kPa CO2 
Hofmeyer no metals added 36 (alkalinity) 75°C, 100kPa O2 
Kindrick 0.5-1.0 Fe (metal 
coil) 
0.4 (NH3) 
1.7 (total N) 
6.8 (alkalinity) 
6.7 (primary amine)
 
80°C, 50kPa O2 
Blachly and 
Ravner 
0.5 Fe 0.2 (NH3) 80°C, 21kPa O2, 
1kPa CO2  
 
2.2 Studies on Inhibitor A 
Goff showed that Inh. A was effective at reducing ammonia production from MEA under a variety of conditions [6, 
18].  These included rich and lean loading, as well the presence of iron and copper.  Goff showed that addition of 100 
mM Inh. A to 7 m MEA was enough to significantly reduce the ammonia rate.  Goff also demonstrated that Inh. A was 
a more effective inhibitor than several other reaction inhibitors, including hydroquinone, manganese, ascorbic acid, 
sodium sulphite, and formaldehyde.  EDTA, as well as several other chelating agents and stable salts, were also found 
to be inferior to Inh. A, in terms of the reduction in ammonia observed for a given amount of inhibitor. 
Sexton used an accelerated degradation test and liquid phase analysis to determine the effectiveness of Inh. A at 
reducing amine loss (as opposed to simply limiting NH3 production) and production of degradation products in MEA 
solutions. 7 m MEA with 100 mM Inh. A had no detectable amine loss after ten days of oxidation, compared with a loss 
of nearly 30% of the MEA after less than one week from the uninhibited solution. Furthermore, no degradation products 
were observed in the inhibited solution (with the exception of ~1mM formate), whereas the uninhibited solution had 
high concentrations of 1-(2-hydroxyethyl-formamide) (380 mM), 1-(2-hydroxyethyl)-imidazole (280 mM), and heat 
stable salts [7]. 
 
3.0 Experimental Procedures 
 
3.1 High Gas Flow Degradation Apparatus 
Amine oxidation was carried out in a 1L jacketed glass reactor with five sampling ports.  The ports were used to 
control and monitor the experiment by measuring the temperature of the reactor, providing a continuous supply of 
makeup water, pumping gas from the reactor to the analyzer, and agitation to the reactor. The temperature of the reactor 
was set using a circulating temperature bath with dimethyl silicone oil as the heat transfer fluid.  A platinum resistance 
thermometer inserted into the reactor was used to monitor temperature.  A centrifugal pump provided a continuous 
supply of make-up water to the reactor at a rate of 0.29-1.22mL/min, depending on the temperature of the reactor.  The 
water balance was maintained by periodic visual inspection of the reactor and adjustment of the pump rate as needed.  
In-house air was blended with high-purity carbon dioxide to 2% using two mass flow controllers and supplied to the 
reactor at a dry gas rate of 5SLPM.  Gas exiting the reactor was analyzed by a hot gas Fourier-transform infrared 
(FTIR) spectrometer. The solution was continuously agitated at 1440 RPM using an agitator and stainless-steel swivel 
paddle stir rod, which entered through the top of the reactor.  The apparatus is essentially the same as that described in 
Goff and Sexton [6, 7], with the exception that the air pre-saturator was not used. Instead, makeup water was supplied 
directly to the reactor, which allowed for better control of the water balance while varying the reactor temperature. 
 
3.2 Typical Experimental Run 
 
Amine screening for oxidative degradation was carried out by addition of 350 mL amine solution to the high gas 
flow (HGF) apparatus.  All amines were commercially available—solutions were prepared by addition of Millipore de-
ionized water to the amine and subsequent loading with high purity carbon dioxide.  The concentration was selected 
based on the solubility limit of the amine in the loaded aqueous solution, as well as the practical concentration for use in 
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a carbon capture facility, and the availability of previous data. Metal catalysts were added as their sulfate salts in dilute 
sulfuric acid solution after the ammonia rate had reached a steady state.  In early experiments, only 1.0 mM of Fe
2+
 was 
added to the solution. Later, a mixture of 0.4 mM Fe
2+
, 0.1 mM Cr
3+
, and 0.05 mM Ni
2+
 was used instead.  After the 
ammonia rate had returned to steady state, 100 mM of Inh. A was added to the solution.  Inh. A was tested in most cases 
where significant ammonia production was observed.  
To determine the temperature dependence of the ammonia rate from MEA solutions, the reactor temperature was 
initially set to 40°C.  Air (98%) and CO2 (2%) were sparged into the reactor at a dry gas rate of 5 SLPM.  Gas exiting 
the reactor was pumped to the FTIR analyzer.  The water balance was maintained by periodic visual inspection of the 
liquid level in the reactor and manual addition of water or adjustment of the pump rate when necessary.  The total mass 
of solution was measured before and after each experiment, and the average of the two numbers was used for 
calculation of the NH3 rate.  The difference in the two numbers, due to water balance issues, was typically less than 
10%.  The system was allowed 12-24 hours to reach steady state before adjusting the temperature. In some cases, the 
system did not reach steady state after more than 24 hours, in which case the rate was determined two hours after the 
last temperature change. 
 
3.3 Liquid-Phase Analysis 
Liquid samples were taken at the start and end of each experiment.  The total alkalinity of the samples was 
determined by titration with 0.2 N sulfuric acid.  The amine concentration was determined by cation chromatography 
using aqueous methane-sulfonic acid as the eluent.  Heat stable salts were detected by anion chromatography using 
aqueous sodium hydroxide as the eluent.  Amides of formate and oxalate were quantified by treatment of 0.5 mL of 
sample with 1.0 mL of 5 N NaOH, followed by detection of the resulting carboxylic acid using anion chromatography.  
The result is reported as “total formate” or “total oxalate.”  This technique has been used previously to detect amides in 
degraded amine solutions [7,19]. 
 
3.4 Gas-Phase Analysis 
Gas leaving the reactor was passed through a mist eliminator into a heated line at 180°C.  The gas went through a 
heated pump into the FTIR analyzer.  The analyzer continuously measured the IR absorbance spectrum of the gas 
passing through and averaged them together every five minutes.  The analyzer was calibrated to detect a variety of 
expected degradation products, including NH3, NO, NO2, formaldehyde, acetaldehyde, methanol, and methylamine.  
However only NH3 was produced in detectable quantities at steady state.  Water, CO2, and volatile amine were also 
recorded for each experiment.   The inversion transition peak, which occurs at ~900-1000cm
-1
 was the major peak used 
for NH3 quantification.  Further details of this method have been described previously [6]. 
 
4.0 Results 
 
4.1 Amine Screening for Ammonia Production Rates 
Results for the stability of commercially viable amines for CO2 capture studied in this work are summarized in Table 
2.  For amines where the ammonia rate did not reach steady state after several days, the initial rate (rate after two hours 
of contact with air) is reported. Many of the amines in this study were stable in the presence of oxygen, or fragmented 
to form nitrogen-containing compounds other than ammonia. 
Table 3. Ammonia Production Rates from Amine Solutions at 55°C, 21kPa O2/2kPa CO2, 1440RPM, 350mL solution 
volume, 5SLPM dry gas rate. Experiments ranged from 2-7 days to achieve a steady state for NH3 production 
from the neat solution, in the presence of metal, and in the presence of Inh. A. 
Amine Structure Conc. (m) NH3 Rate 
(mmol/kg/hr) 
Catalyst 
(mM) 
Inh. A 
Effect 
1,2-diamino-
propane (DAP) 
NH2
NH2
CH3
8.0 2.68 SS metals no effect 
monoethanolamine 
(MEA) 
OH
NH2
7.0 1.55 SS metals reduce 
ethylene diamine 
(EDA) 
NH2
NH2
8.0 0.78 1.0 Fe reduce 
N-methyl-1,3-
propanediamine 
(MAPA) 
NH2 NH
CH3
 
8.0 0.47 SS metals reduce 
Potassium glycinate 
(GLY) 
K
+
O
-
NH2
O  
3.6 0.16 1.0 Fe no effect 
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Potassium taurinate 
(TAU) 
K
+
S
NH2
O
O
O
-
 
1.9 0.02 1.0 Fe reduce 
2-(2-aminoethoxy)-
2-ethanol (DGA
®
) 
O
NH2
OH
 
17.7 <0.02 1.0  Fe increase
* 
2-amino-2-methyl-
1-propanol (AMP) OH
NH2
CH3
CH3
 
 <0.02 1.0 Fe not tested 
Piperazine (PZ) 
NHNH
 
8.0 <0.02 1.0 Fe not 
tested
** 
N-methyl-
piperazine (NMPZ) NNH CH3
 
8.0 <0.02 1.0 Fe not tested 
N-methyl-
diethanolamine 
(MDEA) / PZ 
OH
N
OH
CH3
 
7.0 / 2.0 <0.02 1.0 Fe not 
tested
*** 
*
DGA
®
 produced ammonia in a separate experiment at 70°C (Figure 3) where Inh. A increased the ammonia rate. 
**
Inh. A may be effective with 8 m PZ, because it has been shown to reduce foaming in oxidized PZ solutions [20]. 
***
 Inh.A was not effective in 7 m MDEA at 90
o
C [21]. 
 
Amines that produced ammonia were tested for their response to Inh. A. When Inh. A was effective, a single 
addition of 100 mM resulted in an immediate and significant drop in NH3 production (Figures 1, 2, and 3).  This was the 
case for EDA, MEA, MAPA, and TAU.  In the case of DGA
®
, ammonia production actually increased from 6.1 to 10 
mmol/kg/hr (Figure 2). 
The liquid phase analysis (Table 4) indicates that amine loss and alkalinity loss are generally in agreement with one 
another.  Volatile losses often account for a significant amount of amine loss or alkalinity loss, whereas ammonia losses 
are comparatively small.  Heat stable salts detected in final samples are also reported in Table 4. In general, heat stable 
salts are observed in solutions that produced ammonia.  A notable exception to this is MAPA, which produced a 
significant amount of ammonia but did not produce any heat stable salts. 
 
 
Figure 1. NH3 production  with 100 mM Inh. A at 55
o
C 
from 7 m MEA and 8 m MAPA with 0.4 mM 
Fe/0.1 mM Cr/0.05 mM Ni 
 
 
Figure 2. NH3 production with 100 mM Inh. A from 1.9 
m TAU with 0.4mM Fe/0.1mM Cr/ 0.05 mM 
Ni at 55°C 
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Figure 3. Ammonia production with 100 mM Inh. A 
from 17.7 m DGA
®
 in the presence of 0.4 mM 
Fe, 0.1 mM Cr, and 0.05 mM Ni 
 
Figure 4. Effect of 100 mM Inh. A on ammonia 
production from 8 m EDA in the presence of 
1.0 mM Fe and 5.0 mM Cu 
Table 4. Liquid phase analysis for amines screened in the HGF apparatus. 55°C, 21 kPa O2/2 kPa CO2, 1440 rpm, 350 
mL solution volume, 5 SLPM dry gas rate 
Amine Time 
(days) 
Amine  
Loss 
(mmol/kg) 
Alkalinity 
Loss 
(mmol/kg) 
Volatile  
Loss 
(mmol/kg) 
Total 
Formate 
(mmol/kg) 
Total 
Oxalate 
(mmol/kg) 
Nitrate 
(mmol/kg) 
Nitrite 
(mmol/kg) 
DAP 6.8 500 600 190 5 0 1 1 
MEA 6.8 400 400 280 57 13 4 9 
EDA 6.0 400 400 30 42 1 2 2 
MAPA 7.3 300 400 80 <0.5 <0.5 <0.5 0 
GLY 2.8 -- -- -- 4 1 0 8 
TAU 3.8 -- -- -- 1 0 0 0 
DGA
®
 3.5 0 300 30 3 0 0 0 
AMP 3.0 700 700 930 <0.5 <0.5 <0.5 <0.5 
PZ 7.3 <50 <50 80 1 <0.5 <0.5 <0.5 
NMPZ 4.9 2300 2300 2070 1 <0.5 <0.5 <0.5 
MDEA/PZ 6.2 300/0 300 40/50 <0.5 <0.5 <0.5 <0.5 
 
4.2 Inhibition of Oxidative Degradation by Inh. A 
Inh. A has been shown to reduce NH3 production and amine loss from MEA solutions [6].  In this work, NH3 rates 
were measured for MEA in the presence of 0.4 mM Fe
+2
, 0.1 mM Cr
+3
, 0.05 mM Ni
+2
, and at various temperatures and 
concentrations of Inh. A (Figure 5).  The ammonia production exhibits a strong dependence on temperature and Inh. A. 
In this experiment, addition of 50 mM of Inh. A (74% reduction) had the same effect as decreasing the temperature 
from 55°C to 40°C (80% reduction).  The NH 3 rate was typically allowed 12-24 hours to reach steady state.  If the 
system had not reached steady state at this point, the rate was assessed at a pseudo steady state two hours after any 
perturbation was made to the system (Figure 6).  At 70°C steady state was often not observed, even after running the 
experiment for several days.  In particular, when Inh. A was present at 70°C, the NH3 rate dropped dramatically over the 
course of several days.  This may be due to high volatility losses from the batch system, which would alter the MEA 
concentration over time.  It is also possible that Inh. A becomes more active over a long time-scale at 70°C, further 
reducing the ammonia rate. 
The NH3 rate is dramatically reduced by as little as 50 mM of Inh. A.  Additions of larger amounts further reduce the 
NH3 rate although the returns are diminished for concentrations over 100 mM.  The activation energy was substantially 
higher in the presence of Inh. A, indicating that a different mechanism controls the reaction when the inhibitor is 
present.  The high activation energy in the presence of Inh. A indicates that a combination of intercooling and inhibitor 
may provide the most optimal condition for limiting degradation. 
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Figure 5. Ammonia Rates from 7 m MEA at various 
temperatures in the presence of 0.4 mM Fe, 0.1 
mM Cr, 0.05 mM Ni, and Inh. A. 
 
Figure 6. Ammonia Rates at three temperatures in two 
experiments with 7 m MEA, 0.4 mM Fe, 0.1 
mM Cr, 0.05 mM Ni, and 50 mM Inh. A 
Table 6. Activation Energy with Summary with Inh. A. 0.4 mM Fe, 0.1 mM Cr, and 0.05 mM Ni in the HGF: 21kPa 
O2/2kPa CO2, 1440 RPM, 350 mL solution volume, 5 SLPM dry gas rate.
 Inh. A (mM) Reduction 
at 40°C (%) 
Reduction at 
55°C (%) 
Reduction at 
70°C (%) 
Activation Energy 
(kJ/mol) 
0 -- -- -- 86 
50 78 74 57 102 
100 -- 93 84 113 
200 -- 99 96 133 
 
The liquid-phase analysis of all experiments with Inh. A shows that the alkalinity loss and amine loss are generally 
in agreement (Table 7).  The majority of lost alkalinity or amine is accounted for by gas-phase nitrogen—this was 
primarily volatile losses, which were often much greater than ammonia losses.  The highest concentrations of formate, 
oxalate, nitrate, and nitrite detected were in the solution with no Inh. Added, which was oxidized for more than three 
days (Table 8).  No heat stable salts were detected in solutions that contained 100-200 mM Inh. A. Even with 50 mM 
Inh. A, significantly less formate is observed considering the experimental conditions: when MEA was inhibited with 
50 mM Inh. A and degraded at 70°C, the final sample had nearly half the amount of formate as the uninhibited solution, 
despite the latter being a shorter experiment at lower temperature.  
All experiments were conducted at constant reactor gas composition (2% CO2 in air).  Therefore, the effect of 
temperature on the ammonia rate is complicated by the effect of loading, which goes down at higher temperature for a 
given partial pressure of CO2.  Previous work [6] has shown that lean (0.15 loading) solutions degrade faster than rich 
(0.4 loading) ones. 
 
5.0 Conclusions 
 
Aside from MEA, several other amines were discovered to produce ammonia when contacted with oxygen in the 
presence of a metal catalyst at low temperature.  All of the amines that produced ammonia were primary amines.  Of the 
primary amines, only DGA
®
 and AMP did not produce ammonia at 55°C (although DGA produced a significant amount 
at 70°C).  The potassium salts of two amino acids, glycine and taurine, were among the primary amines found to be 
susceptible to oxidative degradation.  Besides MEA, Inh. A was found to be effective in reducing ammonia production 
from MAPA, taurine, and EDA. 
The rate of ammonia production from MEA solutions was determined to be very sensitive to temperature.  For an 
uninhibited or an inhibited system, significant benefit from reduced degradation can be achieved by intercooling the 
absorber, or running a higher liquid rate.  Since all experiments were run at constant gas composition (2% CO2 in air) 
the activation energy calculated in this work has an imbedded change in loading.  Future experiments will increase the 
CO2 concentration at higher temperatures to study the effect of temperature at constant loading. 
 
Table 7. Effect of Inh. A on oxidation of  7 m MEA.  0.4 mM Fe, 0.1 mM Cr, and 0.05 mM Ni in the HGF: 21kPa 
O2/2kPa CO2, 1440RPM, 350mL solution volume, 5SLPM dry gas rate. 
Inh. A
(mM) 
T(C) Time 
(days) 
Amine Loss 
(mol/kg) 
Alkalinity Loss 
(mol/kg) 
NH3
(mmol/kg) 
Volatile Loss 
(mol/kg) 
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0 40, 55 0.9 0.3 0.2 9 15 
0 40, 55, 70 3.2 0.6 0.5 145 430 
50 40, 55, 70 4.4 0.6 0.6 82 564 
50 70 4.9 1.2 1.2 65 1174 
100 40, 55, 70 2.9 0.3 0.2 14 329 
200 55, 63, 70 0.7 0.0 0.0 3 38 
Table 8. Heat stable salts in oxidized 7 m MEA solutions with Inh. A. 0.4 mM Fe, 0.1 mM Cr, and 0.05 mM Ni. 
Reactor gas was 2% CO2 in air supplied at a rate of 5SLPM. 
Inh. A (mM) T (C) Time 
(days) 
Formate 
(mmol/kg) 
Oxalate 
(mmol/kg) 
Nitrate 
(mmol/kg) 
Nitrite 
(mmol/kg) 
0 40, 55 0.9 1 0 0 1 
0 40, 55, 70 3.2 23 6 3 7 
50 40, 55, 70 4.4 4 0 2 2 
50 70 4.9 13 3 2 2 
100 40, 55, 70 2.9 <0.5 <0.5 <0.5 <0.5 
200 55, 63, 70 0.7 <0.5 <0.5 <0.5 <0.5 
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